The objectives of this research work are to carry out a detailed neutronic and steady state thermal hydraulics analysis for a MTR research reactor fuelled with the low enrichment U-9Mo/Al dispersion fuels of various uranium densities. The high density uranium fuel will increase the cycle length of the reactor operation and the heat flux in the reactor core. The increasing heat flux at the fuel will causing increase the temperature of the fuel and cladding so that the coolant velocity has to be increased. However, the coolant velocity in the fuel element has a limit value due to the thermal hydraulic stability considerations in the core. Therefore, the neutronic and the steady state thermal hydraulic analysis are important in the design and operation of nuclear reactor safety. The calculations were performed using WIMS-D5 and MTRDYN codes.
Introduction
Conceptual design of innovative research reactor (RRI reactor) has been completed from aspect of neutronic and kinetic parameters [1] [2] [3] [4] . Previous design reactor power is 20 MW (thermal), because the flux is too small so the reactor power increased to 50 MW (thermal). At the power of 50 MW with high uranium density, core power density becomes high so the active height of fuel is increased from 60 cm to 70 cm while the
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KnE Energy other dimensions were remain fixed. RRI is a tank-in-pool type research reactor, a material testing reactor (MTR) with plate type of fuel elements and has a core grid position of neutron trap. The light water is used as the coolant and heavy water as reflector. The maximum thermal neutron flux at the reflector will be not less than 5·10 14 n/cm 2 s.
RRI reactor is designed using compact core so that the heat transfer area and the amount of fuel are small, but heat flux at the fuel plate are high. Heat flux must be compensated by setting the coolant flow rate so that the reactor continued to operate safely. The flow rate of the cooling water through the channel of fuel plate is a very important parameter because instability and vibration can occur in the fuel [5] . Design criteria commonly used in determining the maximum flow rate of coolant flow is 2/3 of the critical velocity which is determined by the IAEA [6] . In this paper, the mass flow rate in the range of 750 -900 kg/s will be analyzed.
The enhancement of cycle length of RRI reactor operation using high uranium density with the low enrichment uranium (LEU) affects neutronic and thermal hudraulic parameters. Therefore, the optimum parameter has to be obtained by varying the uranium densities of U-9Mo/Al fuel. In this work, the uranium density of the U-9Mo/Al fuel is varied for 3.66, 5.34 and 6.52 gU/cc.
The calculated neutronic parameters are excess reactivity, the maximum thermal flux, control rods worth, power peaking factor and power density. Those parameters are used for analysis of the steady state thermal hydraulic of RRI reactor. In the steady state thermal hydraulic, the temperatures of fuel, cladding and coolant are calculated. The saturation temperature of water, melting temperature of cladding as well as fuel meat are used as a limit value in optimize the parameters [8] .
The WIMSD-5B code [9] is used for calculating group constants for different regions at the reactor core. Using the data from WIMSD-5B it will calculated the neutronic and steady state thermal hydraulic parameters using MTR-DYN code [9] .
Methodology
RRI reactor has 25 core grid positions with a 5 × 5 core configuration. As seen in Previous research work found that the core using fuels with uranium densities of 5.34
gU/cc and 6.52 gU/cc must be added by the safety rods. 
Results and Discussions
The calculated neutronic parameters, such as excess reactivity, control rods worth, power peaking factor, the thermal neutron flux and power density are shown in Table   1 . The excess reactivity depends on the fuel uranium density, so it is needed to selectan optimum fuel uranium density in order to operate the reactor at 50 MW.
Axial power peaking factor is dependent on the neutron flux distribution and effected by control rod position during operation reactor. The maximum radial and axial power peaking factor is less than the limit values of 1.4 and 1.8, respectively.
Heat flux or power density in the core depends on the reactor power operation, the burn up and the number of fuel elements in the core. Heat flux is not uniform and depends on the axial and radial position in the core reactor. Figure 6 shows axial power peaking factor for hottest channels resulting from the calculation at power of 50 MW. Heat flux or power density in the core depends on the reactor power operation, the burn up and the number of fuel elements in the core. Heat flux is not uniform and depends on the axial and radial position in the core reactor. Figure 6 shows axial power peaking factor for hottest channels resulting from the calculation at power of 50 MW. Table 2 . Based on the calculation, obtained the critical velocity through the fuel channel is 17.899 m/s. By using the design criteria where the maximum coolant speed is2/3 of criticality velocity so that maximum mass flow on the core is 800 kg/s and a maximum coolant speed atfuel channel is10.92 m/s. Figure 6 shows that the axial hot channel conditions is resulted from the calculations for 50 MW with various fuel uranium densities. From Figure 7 shows the axial hot channel where if the uranium density increases, the temperature of the fuel also increases. Table 3 . For the uranium densities of 3.66 gU/cc, 5.34 gU/cc and 6.52 gU/cc, with the mass flow rate of 800kg/s, the fuel and cladding temperature are less than 170 oC so still within safe limits. Neutronic and thermodynamic calculation results indicate that the effect of fuel densityin the design of the MTR type research reactor is very important for the safety of the operation and efficiency of fuel used. The higher density of fuel reactors is more efficient because the longer operating cycle but the power density will be high so that the temperature of the fuel increase. Both of these factors should be taken into account in the design of the research reactor core.
Conclusions
Effect of uranium densities in the neutronic and thermal-hydraulic parameters of RRI reactor have been carried out.Based on the calculation of MTR-DYN code, it is clear that all uranium densities of U-9Mo/Al fuel that are surveyed in this research work can be utilized as a candidate fuel for the RRI reactor core with thermal power of 50 MW, since the maximum temperature of cladding is less than 170 °C with the mass flow rate of 800 kg/s. However, as a future work, the transient analysis has to be carried out to obtain an optimum uranium density of U-9Mo/Al fuel for RRI reactor.
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